According to the American Diabetes Association, the annual cost of diabetes, which affects 22.3 million people in the U.S., was $245 billion in 2012: $176 billion in excess health care expenditures and $69 billion in reduced workforce productivity (1) . While much of the excess health care cost is attributable to treatment of diabetes itself, a substantial amount of the cost differential arises via treatment of chronic complications such as those related to the heart, kidneys, and nervous system (1).
One common complication of diabetes is the development of foot ulcers. Historically, foot ulcers have been estimated to affect 1-4% of patients with diabetes annually (2, 3) and as many as 25% of the patients with diabetes over their lifetimes (2) . More recently, Margolis et al. (3) have estimated that the annual incidence of foot ulcers among patients with diabetes may be as high as 6%. Treatment of diabetic foot ulcers (DFUs) includes conventional wound management (e.g., debridement, moist dressings, and offloading areas of high pressure or friction) as well as more sophisticated treatments such as bioengineered cellular technologies and hyperbaric oxygen therapy (HBO) (4) .
DFUs often require extensive healing time and are associated with increased risk for infections and other sequelae that can result in severe and costly outcomes (4) . For example, studies have estimated that foot ulceration is one of the major sources of hospitalizations among patients with diabetes and precedes 84% of amputations of lower limbs in these patients (5) . In addition, DFU patients have a low survival prognosis, with a 3-year cumulative mortality rate of 28% (6) and rates among amputated patients approaching 50% (7) .
While DFU patients can require substantial amounts of resource use, little is known about the burden of DFUs imposed on the U.S. health care system and payers. In fact, we are aware of only two studies to date that have estimated the incremental medical resource use and costs of DFU beyond that of diabetes alone (6, 8) . Neither of these analyses, however, accounted for the many underlying differences between DFU and non-DFU patient populations, such as disproportionate presence of costly underlying comorbid conditions among DFU patients (e.g., congestive heart failure [CHF] and renal disease). In addition, the study by Ramsey et al. (8) used older data (1993) (1994) (1995) that are not reflective of current treatment options or costs and focused on a specific patient population (i.e., HMO enrollees). Moreover, neither study assessed cost allocation by place of care or costs associated with workplace productivity declines. Other existing literature on the burden of DFUs in the U.S. calculated the overall health care costs (as opposed to incremental) without reference to a non-DFU control population (9) (10) (11) . As a result of the variety of data and methodologies used, it is not surprising that the burden of DFUs reported in the literature is wideranging, with the average per-patient costs, for example, ranging from $4,595 per episode (9) to over $35,000 annually for all services (6) .
The objective of this study was to expand and improve on previous research to provide a more robust, current estimate of incremental clinical and economic burden of DFUs. To do so, this analysis examined the differences in medical resource use and costs between patients with DFUs during a recent time period (January 2007-September 2011) and a matched control population with diabetes but without DFUs, using administrative claims records from nationally representative databases for Medicare and privately insured populations. Incremental medical resource use and resulting cost of DFUs (including work-loss costs) were assessed using a matched case-control study design that accounted for potential differences in age, gender, rates of comorbidities, and prior health care resource use.
RESEARCH DESIGN AND METHODS

Data Sources
This study used administrative claims data from two deidentified databases: Standard Analytical Files for a 5% random sample of 3.6 million Medicare beneficiaries, and OptumHealth Reporting and Insights, a database containing approximately 16 million privately insured beneficiaries (employees, spouses, children, and retirees) of 60 large self-insured companies with locations across the U.S. Both databases include information on patient demographics (age and gender), enrollment history, wage information, medical diagnoses received, procedures performed, dates of service, place of service, and payment amounts. Additionally, the private insurance claims include information regarding prescription drug use (e.g., fill dates, National Drug Codes, and payment amounts) for all beneficiaries, and work-loss due to disability for a subset of employees.
Sample Selection
Patients with diabetes were selected from Medicare (January 1999-December 2010) and privately insured (January 1999-September 2011) databases based on presence of at least two medical claims containing ICD-9-CM codes 249.xx or 250.xx. Patients were then divided into two mutually exclusive cohorts based on the presence of at least one foot ulcer diagnosis occurring after a diabetes diagnosis during a recent time period (i.e., January 2007-December 2010 for Medicare and January 2007-September 2011 for private insurance) identified using ICD-9-CM codes 707.1x, 707.8x, and 707.9x, consistent with prior claims-based analyses of DFU (9, 10, 12) .
The index date for the DFU cohort was selected as the start of the most recent foot ulcer episode, identified as the date of a foot ulcer claim with no other foot ulcer diagnoses in the preceding 12 months. For the non-DFU population (controls), a random medical claim during the study period was selected as the index date. Finally, further restrictions were imposed requiring patients to meet age criteria (ages 65+ years for Medicare, ages 18-64 years for private insurance) and to have continuous (non-HMO) coverage throughout the 12 months prior to (preindex period) and 12 months following (follow-up period) the index date in order to ensure that the data for the analytic sample contain all relevant diagnosis and cost information. (Fig. 1) .
Propensity Score Matching
For each database, DFU patients were matched one-to-one [using a "greedy" matching method (13) 
Outcomes of Interest
Total and incremental all-cause health care resource utilization and costs (as measured by payments made by thirdparty payers) in the 12-month follow-up period were compared for DFU patients and non-DFU controls. Resource Figure 1 -Selection of DFU patients and non-DFU controls. 1 Total patient population includes all beneficiaries with at least one medical claim in years evaluated. 2 Patients defined as those having at least two claims with diabetes diagnosis (ICD-9-CM 249.x, 250.x) at any time in their claims history. 3 Foot ulcer patients defined as those with at least one claim with foot ulcer diagnosis (ICD-9-CM 707.1x, 707.8x, 707.9x) following a diabetes diagnosis in years evaluated (2007-2010 for Medicare; 2007-2011 for private insurance). 4 Index date defined as the most recent DFU diagnosis date meeting all sample selection criteria. 5 Index date defined as the date of a random medical claim in years evaluated. In addition, incremental indirect workloss costs due to disability and medicalrelated absenteeism were estimated for the subset of privately insured patients with disability and wage information available. Information regarding days and cost of missed work due to disability were obtained directly from the database. Following Birnbaum et al. (14) , medical-related absenteeism was estimated by multiplying the number of days with medical resource use by the employee's wage: each hospitalization day accounted for a full day of missed work, and outpatient visits accounted for half a day of missed work.
All costs were inflated to 2012 U.S. dollars using the medical care component of the Consumer Price Index (15) .
Statistical Analyses
For categorical variables, statistical significance was assessed using x 2 tests for comparisons between prematch DFU patients and controls, and McNemar tests for the matched cohort. For continuous variables, statistical significance was assessed using Wilcoxon rank sum tests (prematch) and Wilcoxon signed rank tests (postmatch). All analyses were conducted using SAS version 9.2 (SAS Institute Inc., Cary, NC).
RESULTS
Preindex Characteristics
Prior to matching, DFU patients were statistically different from the non-DFU control population on nearly every dimension examined during the 12-month preindex period. For the Medicare sample (Table 1) , DFU patients were older (77.7 vs. 75.7 years) and had approximately twice the rates of PVD, infections, renal disease, and CHF in the 12 months prior to the index date. Similarly, for the privately insured sample (Table 2) , prior to matching, DFU patients were older (55.3 vs. 52.8 years) and had at least twice the baseline rates of CHF, cerebrovascular disease, chronic obstructive pulmonary disease (COPD), renal disease, and myocardial infarction in addition to the comorbid conditions identified in the Medicare sample.
Compared with the potential controls, both Medicare and privately insured DFU patients had more days hospitalized (+115.7% Medicare, +167.6% private), ED visits (+76.9% Medicare, +139.2% private), and days with an outpatient/physician office visit (+48.7% Medicare, +50.9% private) in the preindex period. These differences resulted in preindex health care costs among DFU patients to be approximately twice those of the potential control population (Tables 1  and 2 ). (All comparisons above were significant at P , 0.0001.)
The matching process resulted in the identification of 27,878 pairs of DFU and control patients for Medicare and 4,536 pairs for private insurance that were very similar with regards to preindex patient characteristics (Tables 1 and 2 ). In addition, importantly, the matched DFU and control groups had comparable health care costs during the 12 months prior to the index date (Medicare, $17,744 DFU and controls; private insurance, $14,761 DFU vs. $14,766 controls).
Resource Use and Outcomes During the 12-Month Follow-up Period
Despite having matched the groups to ensure similar patient characteristics, DFU patients used significantly (P , 0.0001) more medical resources during the 12-month follow-up period than did the matched controls ( 
Costs During the Follow-up Period
Increased medical resource utilization resulted in DFU patients having approximately twice the costs as the matched non-DFU controls (Table 3) , with annual incremental per-patient medical costs ranging from $11,710 for Medicare ($28,031 vs. $16,320; P , 0.0001) to $15,890 for private insurance ($26,881 vs. $10,991; P , 0.0001). All places of service (i.e., inpatient, ED, outpatient/physician office, home health care, and other) contributed approximately equally to the cost differential among Medicare patients. For the privately insured, however, increased inpatient costs ($17,061 vs. $6,501; P , 0.0001) were responsible for nearly two-thirds of the overall cost differential, where other key contributors were outpatient/physician office visits ($4,888 vs. $2,806; P , 0.0001) and home health care ($1,639 vs. $371; P , 0.0001). In addition, the privately insured DFU patients had excess prescription drug costs of $993 ($4,538 vs. $3,545; P , 0.0001), resulting in total incremental direct health care (i.e., medical + prescription drug) costs of $16,883 ($31,419 vs. $14,536; P , 0.0001). Substantial proportions of the incremental medical costs were attributable to claims with DFU-related diagnoses or procedures for both Medicare (45.1%) and privately insured samples (60.3%).
Of the 4,536 matched pairs of privately insured patients, work-loss information was available for 575 DFU patients and 857 controls. DFU patients had $3,259 in excess work-loss costs ($6,311 vs. $3,052; P , 0.0001) compared with matched controls, with disability and absenteeism comprising $1,670 and $1,589 of the overall differential, respectively (Table 3) .
CONCLUSIONS
Of the diabetic patients included in the analysis, approximately 12.8% ages 65+ years and 4.8% ages 18-64 years had recent episodes of foot ulcers during the study period. Prior to their recent DFU episodes, these patients were significantly older, had higher rates of comorbidities, and had significantly more medical resource use and costs than the control population prior to the index foot ulcer episode. However, these differences were largely eliminated after matching, with matched pairs having similar patient characteristics, allowing for more precise estimation of incremental costs following DFU diagnosis.
During the 12-month follow-up period, 3.8% of the matched Medicare DFU patients and 5.0% of matched privately insured DFU patients received lowerlimb amputations, compared with almost no amputations among the matched control patients. In addition, both Medicare and privately insured DFU patients had significantly higher medical resource use than did matched controls, which led DFU patients to be approximately twice as costly as non-DFU matched controls (Medicare, $28,031 vs. $16,320; private, $31,419 vs. $14,536). The study also estimated the indirect costs attributable to DFU by calculating costs of missed work due to absenteeism or disability among the subset of patients for whom data on work loss were available. The results indicate that compared with diabetic patients without foot ulcers, DFU patients miss more days of work due to medical-related absenteeism and to disability, imposing additional burden on employers.
While there is little literature on the incremental burden of DFU in the U.S., aspects of our findings are consistent with prior research. For instance, despite differences in study populations and methodology, our finding that 4.8% of privately insured patients with diabetes developed new foot ulcers during the study period is consistent with the 5.8% reported by Ramsey et al. (8) , which was estimated using a privately insured patient population. Similarly, the study results indicating that DFU patients incur substantial additional costs relative to those without DFU are consistent with conclusions drawn from the analysis of Medicare data by Margolis et al. (6) . In addition, the annual total per-patient health care costs estimates for the matched control population with diabetes ($16,320 Medicare, $10,991 private insurance) are consistent with the $13,700 average across all age groups reported by the American Diabetes Association (1). Using estimates of the total U.S. diabetes population (22.3 million) (1) and the midpoint (3.5%) of annual DFU incidence estimates (1-6%) (2,3), the results of this analysis suggest an annual incremental payer burden of DFU ranging from $9.1 billion (22.3 million patients with diabetes 3 3.5% DFU incidence 3 $11,710 Medicare cost differential) to $13.2 billion (22.3 million *Calculated using Wilcoxon rank sum tests for continuous variables and x 2 tests for categorical variables. †Calculated using Wilcoxon signed rank tests for continuous variables and McNemar tests for categorical variables. ‡Estimated at index date. §Calculated as the number of prescriptions with unique National Drug Code codes according to the first nine digits filled. ||Includes prescriptions with supply in the 12 months prior to the index date, whether or not the prescription itself was filled in these 12 months. ¶Calculated as the sum of medical and prescription drug costs. Dollar values were inflated to the 2012 U.S. dollar using the medical care component of the Consumer Price Index. patients with diabetes 3 3.5% DFU incidence 3 $16,883 private insurance cost differential). These estimates, moreover, likely understate the actual burden of DFU because the incremental costs referenced in this calculation do not include excess work-loss costs described above, prescription drug costs for Medicare patients, out-of-pocket costs paid by the patient, costs borne by supplemental insurers, and other (nonwork loss) indirect costs such as those associated with premature mortality, reduced quality of life, and informal caregiving. Some of the costs not included in this payer-perspective analysis are substantial, such as the 20% of medical costs not covered by Medicare.
This study had certain additional limitations, primarily inherent to claimsbased analysis. First, while the propensity score matching led to matched cohorts with similar baseline characteristics in terms of magnitude, there were a few measures for which statistically significant differences remained, and it is possible that an exact match on all dimensions would lead to different results with unknown directional impact. Relatedly, the effects of not matching patients for other risk factors for developing foot ulcers (e.g., prior amputations and foot deformities) are not known. Second, the results of this analysis potentially understate the incremental burden of DFU, because the matching process removed relatively high-cost DFU patients with higher rates of comorbidities and medical resource use and relatively low-cost control patients with lower rates of comorbid conditions and medical resource use from the analysis (Tables 1 and 2 ), because these outliers could not be matched. Total incremental costs in the year postindex date increase from $11,710 to $18,756 for Medicare and from $16,883 to $31,851 for private insurance when these severely sick or costly patients are retained (data not shown). Third, the objective of this analysis was to estimate the annual burden associated with DFU; however, it should be noted that prior research has found that many patients remain unhealed after 12 months (16) and/or experience reulceration (17) . As a result, the estimates of this study understate the true incremental costs associated with a DFU episode, and further research is warranted to examine the potentially large costs of DFU beyond the first year. Fourth, as with any claims data analysis, this analysis relied on the accuracy of diagnosis codes to identify patients with or without DFU and to evaluate their comorbidity profiles at baseline and resource use and cost information in the follow-up period. Any miscoding along 
